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(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit the generation of 
a warpage of a package, which is caused by the heat 
history of the package, and to prevent increase in the 
heat resistance of the package, which is caused by the 
intermediate layer of the package, from being generated 
by a method wherein a through hole formed in the third 
layer held between first and second layers is filled with a 
first material which forms the first layer. 
SOLUTION: This package has Cu layers 1 1 and 12 and 
an intermediate layer (an Mo layer, a CuW layer or the 
like) 13 inserted between these layers 11 and 12. An 
FET 14 which is a heating element, chip capacitors 15, 
circuit boards 16 and the like are mounted on the upper 
surface of the Cu layer 11. Moreover, ceramic walls 18 
for fixing lead wires 1 7 are mounted on the upper 
surface of the layer 11. A through hole 19 is formed on 
the layer 13 of the package and this hole 19 is filled with 
a Cu buried layer 20. This hole 1 9 is provided in a state 
corresponding to the components mounted on the 
package, specially the FET 14 which generates an intense heat. 
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[Title of the Invention] 

SEMICONDUCTOR DEVICE PACKAGE 
[Claims] 
[Claim 1] 

A semiconductor device package including a heating 
element and having a three-layer structure for mounting 
semiconductor devices, characterized by comprising: 

a first layer formed of a first material having a front 
surface on which the semiconductor devices are mounted; 
a second layer formed of the first material; and 
a third layer formed of a second material having a thermal 
expansion coefficient smaller than that of the first material, 
and sandwiched between the first layer and the second layer, 
wherein a through hole is formed in the third layer, and 
the through hole is buried with the first material. 
[Claim 2] 

The semiconductor device package according to claim 1, 
characterized in that the first material is Cu. 
[Claim 3] 

The semiconductor device package according to claim 2, 
characterized in that the second material is any one of Mo and 
CuW. 

[Claim 4] 
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The semiconductor device package according to claim 1, 
2, or 3, characterized in that the through hole is formed so 
that a central axis of the through hole passes through a geometric 
center of a contact surface of the heating element with respect 
to the front surface. 
[ClaimS] 

The semiconductor device package according to claim 4, 
characterized in that an angle between a line from the geometric 
center to a top edge of the through hole and the front surface 
is smaller than an angel of 4 5° . 
[Claim6] 

The semiconductor device package according to claim 1, 
2, 3, 4, or 5, characterized in that at least one different 
through hole is provided around the through hole in the third 
layer. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a semiconductor device 
package, particularly to a semiconductor device package on which 
a semiconductor device with high heat generation is mounted. 
[0002] 
[Prior Art] 

In . recent years, with the development of mobile 
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communications and the like, there is an increasing demand for 
high power microwave communication FETs, which are key devices 
thereof. In order to respond to this demand, it is inevitable 
to increase the size of packages as described below. 
[0003] 

More specifically, GaAs FETs are used for microwave 
communication FETs in general. However, when a high power GaAs 
FET is intended, it is inevitable to increase at least its gate 
width. Therefore, a pellet is increased in size. 
[0004] 

An increase in size of the pellet causes low impedance 
in the pellet. Impedance matching (50 ohm matching) between 
a pellet and external lines is done by using components having 
ceramics in raw materials such as a chip condenser and a circuit 
board, but these components are increased in size in order to 
respond to low impedance in the pellet. 
[0005] 

In this manner, mount components such as pellets and other 
components on packages are increased in size, and thus packages 
are also increased in size. 
[0006] 

In the meantime, in mounting a GaAs pellet and ceramic 
components on a package, that is, in mount bonding, the package 
undergoes thermal hysteresis of heating and cooling at a 
temperature of about 300°C. The thermal expansion coefficients 
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of GaAs, ceramics, and copper being a typical package material, 
are 6.6 x 1CT 6 , 5 to 8 x 1CT 6 , 17 x 10~ 6 /K, respectively; the 
thermal expansion between the package and its mount components 
is greatly varied. The difference in the thermal expansion 
coefficients generate warpage in the package and the mount 
components in the middle of process steps through the thermal 
hysteresis, and cracks are generated in the GaAs pellet and 
the ceramic components. The generation of cracks like this 
tends to occur as the component size is greater. 
[0007] 

Traditionally, in order to prevent cracks from being 
generated. because of the difference in the thermal expansion 
coefficient like this, there is a package of three-layer 
structure in which Mo ( 5 . 1 x 10" 6 /K) or CuW ( 6 . 5 to 8 . 5 x 10" 6 /K) 
having a thermal expansion coefficient close to that of GaAs 
and ceramics is sandwiched between a Cu layer and a Cu layer 

(TOKYO TUNGSTEN CO . , LTD TECHNICAL REVIEW, No. 3, APRIL in 1992 ) . 
A package like this is shown in Fig. 4. 

[0008] 

The package shown in Fig. 4 has a Cu layer 41, a Cu layer 
42, and an intermediate layer 43 made of Mo, CuW, or the like, 
interposed therebetween. In addition, on the top surface of 
the Cu layer 41, components such as an FET 44, chip condensers 
45, and circuit boards 46 are mounted. 
[0009] 
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[Problems that the Invention is to Solve] 

However, when a single-layer structure package and a 
three-layer structure package in the same size are compared 
with each other, the three-layer structure package having the 
intermediate layer of Mo, CuW, or the like has a great problem 
that thermal resistance is greater than that of the package 
made of Cu only. This can be easily understood because the 
thermal resistance of the package is proportional to the 
reciprocal of thermal conductivity of a material forming the 
package, and the thermal conductivities of Mo, CuW, and Cu are 
- 167, 209 to 247, and 394 W/m-K, respectively; the thermal 
conductivities of Mo and CuW are considerably smaller than that 
of Cu. For example, when a three-layer structure package having 
Mo for the intermediate layer is placed and the thickness of 
each layer is equally formed, the' v £hermal resistance thereof 
is as great as about 1.4 times the size of the package made 
of Cu only. When the thermal resistance of the package is great, 
the channel temperature of the FET mounted thereon also becomes 
high, leading to deterioration in characteristics and shorter 
lifetime . 
[0010] 

As described above, the traditional three-layer 
structure package has features that can prevent cracks from 
being generated in the pellet and the mount components, but 
it has a problem that causes an increase in thermal resistance 
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and leads to deterioration in characteristics and shorter 
lifetime in semiconductor devices to be mounted thereon. 
[0011] 

An object of the invention is to provide a semiconductor 
device package of three-layer structure which can prevent the 
generation of warpage in the package ( cracks in mount component ) 
through thermal hysteresis, and has thermal resistance nearly 
equal to that of a package made of Cu only. 
[0012] 

[Means for Solving the Problems] 

According to the invention, a semiconductor device 
package can be obtained: the semiconductor device package 
including a heating element and having three-layer structure 
for mounting semiconductor devices, characterized by 
including: 

a first layer formed of a first material having a front 
surface on which the semiconductor devices are mounted; 
a second layer formed of the first material; and 
a third layer formed of a second material having a thermal 
expansion coefficient smaller than that of the first material, 
and sandwiched between the first layer and the second layer, 
wherein a through hole is formed in the third layer, and 
the through hole is buried with the first material. 
[0013] ' 

[Mode for Carrying Out the Invention] 
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Hereinafter, an embodiment according to the invention 
will be described with reference to the drawings. Fig. 1 shows 
a semiconductor device package of an embodiment according to 
the invention. This package has Cu layers 11 and 12, and an 
intermediate layer (Mo, CuW or the like) 13 sandwiched 
therebetween. Furthermore, on the top surface of the Cu layer 
11, an FET 14 being a heating element , chip condensers 15 , circuit 
boards 16 and the like are mounted . Moreover, on the top surface 
of the Cu layer 11, ceramic walls 18 for fixing leads 17 are 
mounted . 
[0014] 

A through hole 19 is formed in the intermediate layer 
13 of the package of the embodiment, and the through hole 19 
is buried with a Cu buried layer 20. The through hole 19 is 
provided corresponding to components to be mounted on the package, 
particularly to the FET 14 that generates heat greatly. In 
detail, heat transmitting in the thickness direction (downward 
in the drawing) is most hard to be dissipated in the heat 
transmitting from the FET 14 to the package. In order to 
efficiently dissipate this heat, the through hole 17 is formed 
right under the FET 14, and the central axis thereof passes 
through the substantial center of the FET 14 (the geometric 
center of the surface contacted to the Cu layer 11 ) . In addition, 
as shown in Fig. 1, it is fine that the diameter of the through 
hole 19 is formed so that an angel between a line from the center 



7 



of the FET 14 to the top edge of the through hole 19 and the 
surface of the Cu layer 11 is smaller than an angle of 45° (because 
the heat dissipation path of the package is in the direction 
of an angle of 45° as centering the FET 14 being the heating 
element) . More specifically, it is fine in the case of Fig. 
1, b > 2a, where the thickness of the Cu layer 11 is a, and 
the diameter is b. 
[0015] 

Here, when the diameter of the through hole 19 is formed 
great too much, warpage is generated in the package because 
of thermal hysteresis to cause cracks in the components mounted, 
as similarly to the package made of Cu only. On this account, 
the diameter of the through hole 19 cannot be formed greater 
than necessary. Then, when heat dissipation effects are to 
be enhanced greater than those in the package shown in Fig. 
1, it is fine that a plurality of different through holes 21 
is formed so as to surround the through hole 19 (in mesh) as 
shown in Fig. 2, and then buried with Cu, not forming the diameter 
of the through hole 19 greater. 
[0016] 

Next, a fabrication method of the package shown in Fig. 
1 will be described with reference to Fig. 3. First, as shown 
in Fig. 3(a), a plate 31 where the Cu layer 12 and the Cu buried 
layer 20 are formed simultaneously is prepared, and the 
intermediate layer 13 where the through hole 19 is formed is 
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prepared. Then, as shown in Fig. 3 (b) , the plate 31 is attached 
to the intermediate layer 13 with an Ag brazing material 32. 
[0017] 

Subsequently, as shown in Fig. 3(c), the Cu layer 11 is 
prepared, and the Cu layer 11 is attached to the top surfaces 
of the intermediate layer 13 and the Cu buried layer 20 with 
the Ag brazing material 32, as shown in Fig. 3(d). In this 
manner, the three-layer structure package where the 
intermediate layer 13 has the through hole 19 and the through 
hole 19 is buried with the Cu buried layer 20 can be fabricated. 
[0018] 

[Advantage of the Invention] 

According to the invention, the through hole is formed 
in the intermediate layer of the three-layer structure package, 
and the through hole is buried with Cu. Therefore, it provides 
the features; warpage is prevented from being generated in the 
package due to thermal hysteresis, and thus cracks can be 
prevented from being generated in mount components. In 
addition to this, an increase in thermal resistance of the 
package because of provision of the intermediate layer can be 
suppressed. 

[Brief Description of the Drawings] 

[Fig. 1] It is a cross-sectional view illustrating an embodiment 
according to the invention. 

[Fig. 2] It is a cross-sectional view illustrating another 
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embodiment according to the invention. 

[Fig. 3] It is a diagram for describing the fabrication method 
of the semiconductor device package shown in Fig. 1. 

[Fig. 4] It is a cross-sectional view illustrating the 
traditional semiconductor device package. 

[Description of Reference Numerals and Signs] 

11 Cu layer 

12 Cu layer 

13 intermediate layer 

14 FET 

15 chip condenser 

16 circuit board 

17 lead 

18 wall 

19 through hole 

20 Cu buried layer 

21 through hole 

31 plate 

32 Ag brazing material 
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